Tooth loss in the anterior region requires immediate replacement with an interim or definitive restoration for esthetic and/ or functional reasons. Anterior tooth loss, particularly in children or adolescents, usually results from an accident and/or complications from previous trauma (such as external root resorption or ankylosis). 1, 2 Maxillary central incisors are the teeth most frequently affected by trauma.
1,2 Because of the potential for complications with implant infraposition, particularly in the maxillary anterior region in young women and in patients with a hyperdivergent growth pattern, single-tooth implants should be postponed until adulthood. 3 During this time, which is particularly critical during puberty, a noninvasive long-term interim restoration should be planned until an implant is indicated. Alternatively, space closure with the patient's own teeth may be considered, which dispenses with repeated treatments throughout the lifetime of the patient. Particularly in children, the potential of autotransplantation of premolars, orthodontic space closure, or resin-bonded fixed dental prostheses (FDP) should be considered. 4, 5 Treatment plan for managing anterior tooth loss during growth When a permanent tooth is lost in the mixed dentition during adolescence, a thorough clinical examination should be performed and supplemented by a panoramic radiograph to evaluate potential aplasia. Further, the facial morphology and skeletal situation should be analyzed (orthognathic, prognathic, or retrognathic) and skeletal growth evaluated (normal/mesocephal, hyperdivergent, or hypodivergent). 5 The form, contour, and color of the maxillary incisors and canines should also be analyzed, particularly if orthodontic space closure is considered (Table 1) .
Autotransplantation facilitates the replacement of the missing tooth and the stabilization of the adjacent teeth, and, more importantly, the continuation of the alveolar bone growth accompanied by an enlargement of the gingival tissue volume at the recipient site. High success rates after autotransplantation have been reported, particularly when premolars were transplanted into the area of maxillary incisors (100% after a median of 4.8 years). 8 The ideal time for transplantation is when the root of the selected tooth has reached two thirds to three quarters of the final root length. 9, 10 If root development is already complete, endodontic treatment is inevitable and can be initiated before or during the first 2 weeks after transplantation. Keeping the periodontal ligament cells on the root surface vital during the procedure is decisive and can be ensured by careful handling and by storing the extracted tooth in a cell culture medium (Dentosave, Medice; or Save-a-Tooth, Phoenix-Lazerus Inc) (Fig. 1) . After preparation of the recipient site, the transplanted tooth is inserted and splinted for 2 to 4 weeks. 11 Generally, the splinting time depends on the amount of regeneration that has to take place and can be reduced with a perfect fit into the recipient site (for example, after tooth avulsion and replacement), but the time should be increased in cases of greater incongruence between the alveolar bone and the root morphology.
If neither autotransplantation nor orthodontic space closure is indicated, the single tooth space must be maintained and movement of the adjacent teeth into the space avoided. Short-term interim restorations can be fabricated chairside by adhesive fixation 12 or as indirect resin-bonded interim prostheses (Table 1) . 13 As shortterm or long-term interim solutions, resin-bonded restorations provide a minimally invasive treatment option that allows implant placement to be postponed. 3, 14, 15 Resin-bonded restorations For resin-bonded FDPs, metal or ceramic frameworks have been used and veneered with feldspathic porcelain. Fiber-reinforced composite resin-bonded restorations are potential alternatives but are limited as interim FDP, as survival rates were only 73% after 4.5 years. 12 Metal resin-bonded FDPs can be designed with 1 or 2 wings (single or 2 retainers) and retention at a mesial and/or distal abutment tooth. They can replace 1 or more missing teeth with up to 4 pontics when, for example, the mandibular incisors have to be replaced and the canines serve as abutments (Table 2) . A retentive preparation facilitates the retention of the metal resin-bonded FDP in addition to the adhesive cementation and may be particularly indicated if the enamel structure on the lingual surface of the abutment tooth is compromised, such as in elderly patients or those with erosive defects. The preparation may be performed with an intraoral parallelometer (Parallel-A-Prep; Dentatus). This involves establishing parallel walls to house the parallel guiding grooves, which facilitate retention and resistance against buccolingual forces, an occlusal/ palatal rest, and sufficient palatal clearance, as well as eliminating undercuts to use the entire enamel surface. 16 To apply the intraoral parallelometer, a diagnostic preparation on a diagnostic cast is recommended to select a similar path of insertion to that planned for the preparation of the parallel guiding grooves (Fig. 2) . These grooves should be sufficiently embraced by the metal framework, which is not visible from the labial aspect. The grooves are aligned slightly palatally to miss the incisal edge and avoid metal coverage of the incisal third (Fig. 2E) . During the interim period until the definitive restoration is fabricated, the grooves can be covered with white gutta percha (DeTrey Dentsply).
For metal resin-bonded FDPs, noble or base metal alloys can be used. They should be waxed on investment casts to facilitate the casting of the thin pins and grooves. While with noble alloys the conventional ceramic firing process can be applied, base metal alloys allow for thinner retainers and smaller connectors because of their higher elastic modulus but necessitate the use of a gold layer to cover the dark oxide surface before ceramic veneering. Early studies documented reduced survival rates for resin-bonded FDPs of 88% after 5 years and loss of retention in 19% of the restorations. 17 A retentive preparation provided better results than the nonretentive design, with a survival rate of 95% after 10 years. 18, 19 Ceramic restorations are pressed or milled and made from lithium disilicate glass ceramics (IPS e.max Press; Ivoclar Vivadent), glass-infiltrated aluminum oxide (InCeram; Vita), or zirconia (Lava; 3M ESPE). Because these materials do not allow the replication of thin grooves or pins, fixation relies solely on the adhesion of the resin cement to sound enamel (Fig. 3) . The preparation involves removing undercuts with a slight proximal wrap around, delineating a clear marginal demarcation line on the palatal surface, and providing a cingulum rest to enable exact positioning during the cementation procedure. Palatal clearance of 0.7 mm is required for zirconia and at least 1 mm for lithium disilicate. The requirement that the material of the attachment (wing) be sufficiently thick may interfere with the need for sound enamel structure along the entire lingual surface, since only 0.5 mm enamel thickness is present in this area 20 and adhesion to dentin is reduced. 21 On the basis of this discrepancy between space requirements and the need for intact enamel, a deep vertical overlap may contraindicate ceramic retainers, while metal, particularly base metal alloys, can be thinner (0.3 to 0.5 mm). The indication for lithium disilicate is restricted to anterior tooth replacement because of its limited fracture resistance and the required dimensions of the connector, which should be at least 8 to 10 mm 2 . For zirconia resinbonded FDPs, a connector surface of 6 to 8 mm 2 has been recommended. While 2-wing ceramic resin-bonded FDPs (In-Ceram) had a survival rate of 74% at 10 years, 94% survival was achieved with 1-wing restorations. 14 Failures with 2-wing restorations were related to fractures in the connector region at one side, and restorations were kept as 1-wing resin-bonded FDPs.
14 To avoid excessive loading of the lever arm in 1-wing restorations, occlusal and functional contacts at the cantilever should be minimized. Ceramic chipping, but no fractures or debonding, have been reported with lithium disilicate 1-wing resin-bonded FDPs, which were mainly inserted in the anterior region with large connector sizes of 16 mm 2 .
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With zirconia 1-wing resin-bonded FDPs, early debonding occurred in 2 of 15 restorations. These were successfully recemented, and the survival rate was 100% after 4 years (mean 53 months). 23 
Cementation of resin-bonded FDPs
The improvements in long-term results with resinbonded FDPs are mainly related to new cementation techniques. The adhesion obtained relies both on micromechanical retention and on chemical interactions of specific monomers (preferably phosphate monomers in Panavia F2.0; Kuraray, or RelyX; 3M ESPE) with the bonding substrate (Table 3) . On the tooth surface, optimal mechanical retention can be achieved after etching of the enamel surface with phosphoric acid (35% to 37%, for 30 to 60 seconds), and any subsequent contact with saliva must be avoided. If zirconia or alloys are used, the restoration surface requires roughening by airborneparticle abrasion. Tribochemical silica coating provides the most durable results and is applied either chairside (for example, CoJet; 3M ESPE) or with the corresponding laboratory facilities (Rocatec soft; 3M ESPE). Airborneparticle abrasion with 30 mm silica-coated aluminum oxide particles creates a silica layer on the restoration surface and facilitates a chemical bond to the resin cement through the corresponding silane-containing primer. [24] [25] [26] For high noble alloys lacking a superficial layer of metal oxides, either silica coating with silane primers or conventional airborne abrasion in combination with specific metal primers is applied (Table 3) . 27 The polycrystalline ceramic zirconia is free of silica and adheres less well to resin-based cements than its glass ceramic or metallic framework counterparts. 28 With lithium disilicate ceramics, the microretentive surface is achieved by etching with hydrofluoric acid, which selectively removes the glass matrix and exposes the crystalline ceramic structure.
After accomplishing the microretentive surface on the inner aspects of the attachments, the resin-bonded FDP is cleaned with water spray or in an ultrasonic bath and dried with pressurized air. As final conditioning, the corresponding primer is applied to the restoration and to the etched tooth surface (Table 3) . To cement metal restorations, opaque luting cements are selected to avoid any gray shine-through and discoloration. If the interface on the labial aspect is still slightly visible after cementation, a thin layer of composite resin can be applied after cement excess has been removed and the surface again etched and bonded as for a conventional direct composite restoration (Fig. 2C) .
